The results of mining data from several administrative databases have been presented in the literature in an attempt to quantify the relationship between complication prevalence and spinal fusions in a large sample. 3, 9, 14, 23 These large retrospective evaluations are entirely based on billing codes during inpatient hospitalization and discharge. When evaluating perioperative complications, a prospective evaluation by a direct observer may decrease selection and recall biases, offering a more accurate assessment of perioperative adverse events. In a recent review of retrospective and prospective complications in spine surgery, the authors demonstrated a consistent underreporting of complications in retrospective studies. 18 Few studies offer an unambiguous examination of perioperative complications through prospective study. The majority of prospective assessments in the spine literature are industry-sponsored device trials that limit their assessment to specific spinal implants in carefully selected surgical patients. 1, 12, 21 Prospective studies using an easily replicated complication definition while focusing on the complication incidence after spine surgery are limited.
Complications related to instrumentation in spine surgery: a prospective analysis
We performed a prospective study of patients undergoing spinal surgery at a tertiary care facility. An easily reproducible complication definition was based on a prospective survey of spine surgeons and validated through parallel assessment of patients who underwent spinal surgery. 20 Based on the survey results, all adverse medical events were included in the assessment (typically as minor complications). An independent auditor graded all complications. In this report, the primary analysis was performed to identify the impact of fusion on the perioperative complication incidence.
Methods
All elective and emergency cases to the Thomas Jefferson University Hospital neurosurgery spine service were suitable for study admission. The institutional review board of Thomas Jefferson University approved data collection for this study from May 2008 until December 2008. In this period, 248 consecutive patients who underwent cervical, thoracic, and lumbar surgery were entered into the study and prospectively followed up by an independent auditor (J.M.) with extensive experience in preand postoperative care of spine surgery patients. Of this overall cohort, 202 patients had instrumentation placed at a minimum of 1 level, and their cases are further analyzed in the present study. To preserve the prospective nature of this study, data in any patient unable to be enrolled initially on presentation by the auditor were not considered for analysis. Complication grading was confirmed by a secondary auditor not directly involved in patient care. All patients were closely followed throughout their hospital stays and during an initial 30-day postoperative period. To capture any postdischarge perioperative complications, all postoperative care and patient follow-up appointments were completed at a single point of service. Demographic information, diagnosis, surgical approach, levels and type of decompression and/or fusion, type and number of complications, body mass index, and LOS were entered prospectively into a central database. Prior to initiation of the study, a list of common spinal complications was compiled and used for prospective identification.
Major and minor complications were defined based on the methodology and results of a previously validated study. 20 The definition of a complication used in this study was broad and included all perioperative medical adverse events, which were most often classified as minor complications (Table 1) . Major complications were defined as events responsible for permanent sequela(e) or requiring further intervention, such as reoperation. All events with transient detrimental effect (including medical adverse events) or surgical complications with limited need for further intervention were deemed minor. Results were prospectively recorded and maintained by the primary auditor (J.M.).
Statistical evaluation was performed using the JMP statistical package (version 7.02, SAS Institute, Inc.). Associations between complication incidence and fusion were detected using logistic regression analysis followed by chi-square comparisons. The presence of a relationship between thoracic/lumbar fusion and complications was evaluated using the Wilcoxon signed-rank test. Chisquare tests were employed to assess the impact of the complication, revision surgery, and patient obesity on complication incidence. For comparisons of complication incidence and approach or diagnosis, a chi-square test was used. Specifically, we employed the likelihoodratio chi-square statistic because many of these individual cells have low expected values. Survival analysis was performed to evaluate the effect of complications on LOS in the fusion subset.
Results
In the entire survey, 248 patients with a variety of spinal pathological entities were assessed. For this subanalysis, 202 patients underwent spinal fusions and the results were examined (Table 2 ). In the fusion cohort, the mean patient age was 56.1 years, and there were 95 female and 107 male patients. The mean body mass index was 29.3. In this subset of the study population, 113 patients (55.9%) underwent cervical spine surgery, whereas 89 (44.1%) underwent thoracic, thoracolumbar, or lumbar fusion. Forty-nine patients (24.3%) underwent a revision procedure. Indications for surgical treatment varied. In the subset of patients undergoing fusion, underlying pathological entities requiring operative intervention were most often degenerative in nature (132 [65.3%] of 202). Traumatic injuries were documented in 19.3% of the subset (39 cases). Neoplasm resection was performed in 16 patients (7.9%), and infectious processes were present in 15 (7.4%). The 3 most common procedures were posterior cervical decompression, anterior cervical decompression, and anterior-posterior lumbar decompression, all with fusion. An anterior approach to the pathological entity was used in 47 patients (23.3%), an isolated posterior approach in 83 (41.1%), and a combined anterior-posterior approach in 72 (35.6%).
Of the total cohort of 248 patients, 202 (81.5%) underwent a spinal fusion. Patients in whom an instrumented fusion was performed were statistically more likely to have overall complications (114 of 202 patients; p = 0.0024). In cases of cervical spine pathology, the majority of procedures were instrumented fusions (95.0%) and the mean number of instrumented vertebral was 3.0 per patient. In the thoracic, thoracolumbar, and lumbar regions, 69.5% of patients underwent instrumented fusion covering a mean of 3.4 levels. Further analysis into these localized cohorts revealed no association between cervical fusion and complications, but there was a significant correlation between complications and thoracic and lumbar fusions for minor, major, and all complications (p = 0.0001, p = 0.0232, and p = 0.0001, respectively).
Of these 202 fusion-treated patients, the overall complication rate was 56.4%. Patients undergoing a tumor resection and fusion were more likely than patients with other pathological entities to sustain a complication (p = 0.006, chi-square test) (Fig. 1) . Furthermore, the anteriorposterior approach was associated with more complications than either the anterior or posterior approach alone (p = 0.0006) (Fig. 2) . The number of segments fused in the cervical spine did not result in a significant increase in complications. However, in the thoracic and lumbar spine, Wilcoxon signed-rank testing revealed significant correlation between the number of levels fused and the overall complication rate (p = 0.0003 and p = 0.0041, respectively).
Length of stay ranged from 1 to 69 days. The median LOS for patients without complications was 5 days, whereas for patients with complications the median LOS extended to 10 days. In this cohort, patients with a minimum of 1 complication had a significantly longer LOS (p < 0.0001, Wilcoxon signed-rank test) (Fig. 3) .
These results were also analyzed for additional variables that have been hypothesized to increase complication incidence. Advanced age (> 65 years) correlated with an increased risk of complications (p = 0.006). Despite the increased technical difficulty involved in revision procedures, the incidence of complications was not statistically increased. Comorbidities such as hypertension, diabetes mellitus, cardiac disease, and other systemic entities were evaluated with multivariate analysis to determine any correlation with perioperative complications. The presence of each of these factors was found to be associated with a higher rate of complications (p = 0.0199, p = 0.0222, p = 0.0284, and p < 0.0001, respectively). The most common major complication was deep wound infection requiring operative wound debridement. The most common minor complications were urinary tract infection and dysphagia (Table 3 ). There were 2 deaths. One patient died of pulmonary complications after an instrumented fusion for an occipitocervical dislocation. In the other case, after undergoing decompression and fusion for a metastatic lesion to the thoracic spine, a 62-year-old patient with widely metastatic cervical cancer died on postoperative Day 4 after another a lesion in the spleen resulted in a fatal hemorrhage.
Discussion
There is currently no consistent definition of what constitutes a complication or adverse event in the spine surgery literature. The authors of some series have described postoperative dysphagia as an inevitable result of anterior cervical fusion and not necessarily a complication, whereas others have included this as a minor complication in their reporting. 2, 11, 22 To perform any meaningful comparison of outcomes after spinal surgery, numerous centers must be able obtain and record relevant complication data in a standardized and reproducible manner. 10 In the present study, we performed a prospective observational analysis using an easily reproducible grading system of complications previously validated by spine surgeons and spine surgery patients. 20 A comprehensive, ideal system for complication analysis would include this graduated complication severity score in addition to a patient-specific comorbidity profile. 7 Ultimately, this approach would allow patient comorbidities and procedural complexity to be integrated for the purpose of the development of a procedure-specific, risk-adjusted predictive model for complications in spinal surgery. 7, 17 In the analysis of a large retrospective database, Wang, et al. 23 reviewed the Nationwide Inpatient Sample database and reported rates of complications after fusions from 9.02% to 10.5%, compared with an overall prevalence of 3.93% in nonfusion cases. Additionally, Deyo et al. 8 reviewed a Medicare database and determined a complication rate 1.9 times greater in fusion-treated patients than in those who had undergone decompression alone and, more recently, 9 noted an 2.95-fold increase in life-threatening complications after complex fusions compared with decompression alone. Complication incidences derived from prospective evaluations are typically directed at specific surgical procedures or noninferiority analyses of certain spinal implants; prospective assessments of complication incidence in broader patient populations are limited. 29 One of the prospective randomized Spine Patient Outcomes Research Trials (SPORT) prospectively evaluated the complication incidence of 372 patients who underwent surgical correction for spondylolisthesis. 26 These authors reported a 30.8% incidence of early and late complications. In a similar retrospective study, 14 however, another author group evaluated 66,000 patient records in the Nationwide Inpatient Sample administrative database of patients undergoing fusion for the same disease process; they reported an 11% rate of complications. In the present study, a minimum of 1 complication occurred in 56.4% of patients, with an increased likelihood of complication with an increasing number of levels fused. Furthermore, advanced age and comorbidities such as hypertension, diabetes mellitus, cardiac disease, and systemic disease significantly increased the complication rate. Based on these data, future research efforts to define a complication impact scale should concentrate on multicenter prospective observational trials with a large diversified patient cohort.
The methodology employed in this analysis presents several issues. The use of instrumentation was associated with more complications than decompression alone (p = 0.0024). Complications and their association with an operative approach, surgical indication, and other comor- bidities have been reported in separate manuscripts. [4] [5] [6] 27, 28 However, the rate of overall complications is higher in the present series than many others that retrospectively evaluated perioperative complications after spinal fusion. The prospective design of our investigation relied less on the medical record and recall of the investigators and more on the accumulation of essential clinical details prospectively throughout the patient's hospital course; a recent review confirmed that prospective studies identified a statistically higher incidence of complications. 18 Loss to follow-up was a potential source of bias in this observational cohort. Most operations were complex spinal cases (24.2% revisions) often treated with a combined (anteriorposterior) approach (35.6%) and multilevel fusion (mean 3.3 levels). Because ours is a large tertiary care referral center, the acuity and severity of pathology referred to our institution may have presented the investigators with a higher-risk population; therefore results may not be generalizable to the overall population of spine surgery patients. Given these factors, the patients' underlying pathology and comorbidities are partially responsible for the higher complication incidence reported.
Conclusions
In this observational prospective series, the impact of instrumented fusion on incidence of perioperative complications was analyzed. The incidence of complications was noted to be significantly elevated in the fusion cohort than the decompression-alone cohort. For many patients, the need for biomechanical stability dictates the need for a fusion procedure. However, there has been an increase in the application of instrumentation to treat common diseases such as degenerative spinal stenosis, sometimes despite the lack of demonstrated benefit over decompression alone. 9, 13, 15, 25 A full understanding of the consequence of spinal fusion in relationship to complication incidence may aid in patient counseling and in the choice of operative intervention.
